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mit^%m$:m?LfcT-*tmm (so) 

>lk»S*lfcXWI (5 4) £S:«*T^5£<h£«MS 

[^<7)f^&f»0J§] 

[0 0 0 1 ] 

<fc!9#Ktt* #^^£^L*:Eft ( off-axis or 10 
ientation ) (DMmm^t^mm^'E U • ir;i/tcg5f 

•So 

[0 0 0 2 ] 

[t£*(2ftfl5] SIRAM (MR AM, magnetic rando 
m access ram) CDJ^&mm^ ! J tctt. — jRfc, 
^^EU • irJKOTW ( array) tf*&S*lT^«>. fttt 
SW^EU --fe^tt, SS> ^-^IBtiB ( data storag 
e layer ) 43ctrXS2pJB ( reference layer) £#-r 
£ 0 — Bfl^^U • -fe;l/0)»31ttl8 ( logic sta 
te) ii, 5 ? -^BB*)i*«J:«*qiJB»c*tt-5»fto«» 20 
W&iEro] ( orientation) (Cct-^T^^^o 

[0 0 0 3] ig^tu • "tjwT-pmmmiz, a 

ifH ( film ) — ««C, ^*X6fl!>*3f pI«E&« 

imWJzte. #3, ^-^ElfcBcoaffcSStt ( easy 
axis) tPftfnsfe^lc^UT^ff^r^Jw^jBK^tiS 

ift^snii/^c x-^fa*HJctt, as, ■€■<&« 

{fcfSSWcSilJ&iXyS? ( edge ) £«&tj\ -ea>x^>> 

> ( edge domain) tnffriflSo ^— ^IBItS^^^T 
tt*£i;*afl;a>Efi] («T, «ftErtit^3. ) tt, 
«ft#g*K:»o&«*L<OJE# ( effect) x^>? 

[0004] m^^^EU • -tDwmmmte. as, mit 

fimfenjj&llzmit&rcte rt:>_iLa6 ( pinned ) j $ 

^^fT^r^ic e>±^)$n^d: o jc^^n^o ism 

[0 0 0 5] l^^^'J • —ffiz. t<D"f-9 

m^M\z^^mitm\^^(Dmmm\z^^mitm^] 

K#LT¥frT*ntf. fiffilatt^ ( low resistance 
state ) \Z$>Z> 0 ftm&HZ, B^ty • -fe;i/fct, — « 

*5frtS«{tE|p»c*#UTiS¥ff ( antiparallel ) Tfc 
*Ui* iSJgj/EtKSg ( high resistance state) fc£>£ e 
[0 0 0 6] «(Dig^tU • -feJUte, aS, 50 



2 

( switch ) $n^ 0 ea^tu • -t;KZ)Mia«jitt, 

[0 0 0 7 ] LjM,&#*S, £5 l^BM^^U • ir;i/ 

— h (bit error rate ) T^if^-T^o 
[0 0 0 8] 

mw&Bikis&ot.'rzmmi mmz^x. z<d^ 

u5Ltiim as, ^-*tatg«fcsg^£t; 
s«<bEi^{c»-rs«^sitt©aF-^^ x^^. 

*frtS«{bEr^SrSteTSCDtcJ:rj^<©x*;p^Si^ 
g£U ZOtitb, Z-vlsfzffim&mmT&MRAMlZ 

[0 0 0 9] **§Btt±E*i»ft:«*Ta:Snfcfe© 
[0 0 10] 

fc**S^«A^)o d^jftCcfc^T, ^-^f21SSc^ 

0 mft* izm znzmn&mfe a n 

TiBffiffiMRAM ( high MRAM densisty ) 
[0011] 

zmmzmmisTrnwrzo mat. ^-^tsts^so 

^iK{bSSttJC»LTtt*^Ufc^bE^<0»21SH5 4 
^rffi^^^^^'J • -fe;U4 OO)S*:^ii<^ift0^0TS) 
£0 x-*Effl« 5 0 (0«ft*ftttJC»-r**ip« 5 4 
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[0 0 12] — HlfiMiHc^T, fiBft^'J • ir;U4 

o \t. ^-^tBts/i 5 o t&mm 5 4 <Dr^co h >*)i • 

AUt ( tunnel barrier ) 5 2Six.T^S. d£>m 
«**u • ir;U4 o»4, I^lDMtCh> 
*)V • AUt5 2$rii^T^®i-r^C<h^e, Xh°>- 
h >^ U >^ • :r/t-f 7* ( spin tunnel ing device) £ 

T$>D> iMOl^iSSI^tU • -fe;i/4 o \zWlm2 

;MOi:^T, E^fiB^SSi (GMR, giant magnet 
o-resistive) flliSSfiJffl-TS d i:**pJffiT*^o 
[0 0 13] SM^^'J • t;l/4 0(DllttlH 
^flBtttB 5 0 *2pJl 5 4 tC45#£ffl**f$^ftE[R] 

{b£[Ccfc£l?-^ ( contribution ) a*&$*vO>*. S 
¥154 fcfcttfcBMfcElfltt, ^-^EflUB 5 0 (DMit 

[0 0 14] ^ h;UM 1 tt, Bg^^'J • iz)U4 0 <D 

x.5:(!:liJ;oTSfP$ns, cne>conBBfi8^tt, fig 

ttiaes-ti:*"fc«>«caiA ens. 
[ooi5] Bta^y • -tr;u4 o©ii««tt, ^ 
mum i £><ttP^ h;uM 2 ©ffl**WiBrS]{ci£i;TS& 

£-tr>X«St ( sense current) SrSJ^TS^ltfcicfco 
[0 0 16] 02H IM^^EU • ir;^4 0CO*2pJf 5 

4o?jBHT»*. S?I5 4<DH«sn&«fl:iBrni* <o 

[0 0 17] ftflE0o«catJ<tt«rnbfc«YbErpl<Z)^ 

ffiT&5 0 0(IAt£, 1915 4(1 A-TP^fl ( per 
malloy layer) (N i Fe) iZ&tf&mikm&l&fig. Q 
o^AoTftSS^rpUce^aft-rsR^iattB ( anti 
ferromagnetic layer) CIS^^n/c^-TD^i^t 50 



4 

*C<btf*pJ1IBT**. 55fiBtt#fili, ^^>^f> (F 
eMn) $fc»4- y^rjl/ • (NiMn) <h"T^ 

O, TbCo, PtMn, *3<fctf* I rMnA^Sti 

[0 0 18] ^^hil/M20M^oH iooox;u 
( oersted) (Dftmfr&ffim&^p h;UM 2 

oo° ccossstci^ssTiPisi-rscttCck-pTiis-r 
ctsw5 4cd/^— ^u^ttmtcnmz&rt&mm&m 

( magnetic exchange coupling ) CctoT, 

h;uM 2 acoftjs a otc tr >±® $ n*. 

[0 0 19] i¥!5 4fl J/^h • y^^^h 

( cobalt platinum alloy) (D&otzM&Mli ( h 
igh coercivity) Z. £ pJbET&^o S9 

15 4 Id-hfrte:^ £ <Z)«8# Srftlx. £ £ fC <£ o T , BBKb 
Efaco^ h;UM 2^^3(7)^ 0 tizWifc? Z> ZL hifi 
"ItgTfe^o S9I5 4C0Jt^e5iSV^^(C c fcoT, 

[0 0 2 0] @3H • -fe;U4 0(D2O©i 

StfffitcHT^^-^fEttUf 5 0 ©«fb<BKWBT* 
0 3 (A) (Cte, It^t'J • -fe;U4 0 <Z)fg 1 <£>fi 

attii^sn, i3 (b) ten »2©»ffl«iB}&^ 

^nil^. ^ MI/6 0H xfcfclCjtLTTfrfcU 5 s 

£o l*f<D^ h;U6 2 6 4te, ^fBt£B5 

h;U6 2 45j;t/6 4«, ^-^IB«Ji5 0<Ofi8 

[0 0 2 1 ] »1 (D»31«SUc:*liT> ^<^7 h;U6 245 
<ttf6 4T$SnitX7^' K^-f ><D«||L»4, lEOy 

t-^E«1 Sifi < t S ^ d: led; o tx 7 y • K 

[0 0 2 2] 04H BM^tU • -tr;U4 0C0 2O(7)^ 
;U6 0-6 4(C*rjS"r^>«fb<^^^#^LT^-5o 0 

4 (a) \z\z. si^^eu • -tr;i/4 o<D^i(omm^m 
izm^x^m^c^^^ h;uM i^^n, ^4 (b) 
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[0023] ^ hMin ftm^wmzti&mR 
citifCckoT, ^^hMi^ mmzftLtcftm 

[0 0 2 4] ffi^^^EU • ir;U4 0 tt. X?/S? • K*-f "> 
tt»lcte*.k3tc»#asns. El 4 (A) 

[0025] bbim^^eu • -tr;i/4 o\t. i^y- K^-r 

>(D^ h;P6 2 43J:tf 6 4 ^©y ^ftiC^-T^ 

#«K&£ck-5K»#j£**lS. £©18*. 14 (B) 

*3cfctf^£>y;&JnJ<Z>^ h)lM 1 jO^C^o 
[0 0 2 6] 0511 5*-*EttM 5 0 <0«{KeStttC 

fit (crystalline anistropy value) (Hk) ^ocklPx 
[0 0 2 7] ^] 5 (A) fctt, ££^£&Hkffifc!WT 

tt^o -i©ft«8o-8 2n -tn-^n, 5, 20 

0 OOe(Z)Hkffi{c||-r^«jg^:h o >JLh56«0 
O^ltl^o C©SjS8 0-8 2H.r-^E»i 

[0 0 2 8] 05 (B) fctt, ffl^^EU • ir;i/4 0 # 
6»6*lftK*«DWt, ffi|£8 0-8 2£*fJlBLT 

$t©R«*^nt^§o -M89 0-9 2I1 
-tn-fn, 1 0 0. 2 0^tf5Oe(OHkMSLT 

[0 0 2 9] ■x-^fB^Jf 5 OOr+iid xcfcitf d y 

fifci"*. ^-^fB«B5 OSiE^tC-rSii. MR AM 
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[0 0 3 0] B6H iiSPO^M^^'J • ir;i/4 1—4 

3 t**c«ft^^ u • i*ji,4 oiz^Dmj&zti&mm.* 

BtSW^ED 1 OtCte, BB^^EU • ir;i/4 0 — 4 

<*20, 21MI/30, 3 1 (DTl^T fe^Stlt^ 
*#3 0, 3 1 14, ±»©*#t* 0 , »#2 0, 
2 1(4. fi3STBP ( orthogonal bottom) <DmfcT*£> 

[0031] ^ u • 40-43 (Dmm^m 

\t*m#2 0, 21M«30, 3 1 tdfliSKSriiTZlt 
i:4oTlf^$n^ e fclAfcf* ^#:3 otcH-x^r^fcm 
ijffi*ii-r<h» ft^CDfemiZfc-DT. v 1 — :?EttM5 Old 
+ y;£ftf^# (H y +) ****"r-5. ^#:3 0(C-x^ 

(Hy-) #5S£i"*. H«t^, «ff2 0 fC+y^ftfC'S 

(Hx+) #58 ±U — SW*2 Ofc~y*l6»C*8f£«r 
ffl-Tt. 5 s — *E«J15 0IC-x*|rI^«|?. (H x -) ** 

y-$:?iJffibT, ^^h^6O-6 40*N^lL, 

[0 0 3 2] HT^*559B©*Jfi<D»J8*Bttt"-6. 
[0 0 3 3] 1. Bfc*»W**A&5*-*eiMi (5 

^^]{3h:>jJ:^^nfcS*^ (5 4) tS:iAT^5l 

[0 0 3 4] 2. tufS^^]^ 89gH«^b®S*ai{c»ofc 
hSSBt 5 — ^SBttM (5 0) (C^frt^ffifbt, ^Sute^ffl 

icwLTaaLawfET 5 — ^Ettoi (so) d^tt^iffl. 
T^^>±i5 1 \z%zm<Dmm.^ u • -t;k 

[0 0 3 5] 3. MfEaa^^EU • -fe;K3D»att»36^ 

i^J;oT»€ji*tl*±E2^E*(0«*^^EU • -fe 
[0 0 3 6] 4. fgl©!6a«»*«> (5 

ffifE«fb«aini»c»ofc«{tsiges-a-, 

SufBS^S (5 4) K:fi»*«flsElftOyJj6»fc:»UT 
H«¥fT3tt*lRlS'C, MfEBfttfSlftfcStfLTSiiaa 
ft * IbIC $ it £ -ffi co^SBB^ ^ jfjp ^_ § - t (C ck o T# 

[0037] 5. %z2<Dmmttm&s mmmmm (5 
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(5 4) »c*tt*«ftlElfiia>yJ«»^»UTS« 

[0 0 3 8] 6. mtBJjfaifi* SSfB-x— ^fSt£@ (5 

[0 0 3 9] 7. ttE^ftft*. ffiffBx— (5 
l lcE*©««*^U • -tr^o 

[0 0 4 0] 8. »ft§g»ftS:«x.fc5 f -^E«B (5 

o) t* mitm^mmmitm^mzM^r^^Lfz 
*iflicK>ji:»anfc*qiiJi (5 4) 

fll^U • -fe;U (4 0-4 3) 07Kt» ffiEBfflt* 
^e»J • -ir;U (40-43) ^s<7)Sc^®045<trX»€rii* 
r^-feXSpIffifcT^ 1 (2 043£tf2 i, 3 

[0 0 4 1] 9. m$ttfa&* 89E«<tSatt«C»o& 

x-*Ett» (5 0) fc^tt^mfb^ ffirE«ftsa(tt 20 

fcttLTSfifc^-^EttW (5 0) JC^t^lffl©« 

[0 0 4 2] 10. ag^t'J • ir;p (4 0-4 3) CD 

(2 0:fc<fctf2 1, 3 0 

j:o»*&$n. iWEBflstfaWKiftofca*^^'; • 

(4 0-4 3) CO^SCO 1 O^x— ^E*« (5 
^LTia&iB^t'J • ±)U (4 0-4 3) (D&7£0) 30 

io<b^-*e«b (50) ^*frt*«ft*niea-fra 

_hfB9i;:fB«£<Da^ J £ I J • irJUc 

[0 0 4 3] 11. BfflC^U • ir;P (4 0-4 3) £> 
»S©10©810»Itt»tf, m» (2 0M«2 

1, 3 0£>£r/31) $*iJfflLT-l©^«^$:jQA 

-4 3) <D&fe(Dl-D<D&mm (5 4) tC£>tf£a{biB 

WfCftofcffiiit^l) • "fe^ (4 0-4 3) (D^ODl 
^(B^-^EttW (5 0) ^*WS«ft*EHEa-&, * 40 

fc* MrEaa^^u • -fe;u (40-43) <D&m<Di°o 

(DMmm (5 4) {C43tt^a<t:gai^£OyfiE^^*H,Tlf 
«¥fT^lft*T?, WE«{t;*8«i^»LTaittt«a 
;*^ED • -fe;U (4 0-4 3) 1 OCOx-^fB^t 

« (50) iz&rt&m<k*®&2^&±U9izmmv>m 

[0 0 4 4] 12. ag^t'J • IrJU (4 0-4 3) <£> 

&fe<Di~3(Dm2<Dmmvimft. m» (2045^^2 
i, 3 o^cto^3 1) zmmisT— jgojHjwBwsfin*. 

Z>^£lzJ:r)W%&£tL. mmm.* =E U • ir;U (4 0 so 
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-4 3) ©Mtfg© 1 ^(D&mm (5 4) (C^tt^fiSYtE 

%mzftr>tz.m%*^) -ir^ (4 0-4 3) (Dft&O 
(5 0) lc43tf£«{b£0&2-tt\ 
(MEIBfll^U • ir^ (4 0-4 3) (DftfeCDl 

~D<nmmm (54) i;:&tt£^bgaft<ay^#{c#UT 
K«EWrfc;£fa$-c* mmitmBmizttUTmmte 

Sl^t'J • -fe;U (4 0-4 3) <DWl£(D 1 -D(D"f-^ 
tmm (5 0) (ci3tt«>«<b*IsHEa-&«>JiE9(CE«6 

[0 0 4 5] 13. WE^IrI*^ WE^-^EIfcJf (5 

o) (D»a^s^T*e»*^i:«)jiKsn^)±E8^E 

[0 0 4 6] 14. iE«|Sj#, WEr^ElftB (5 

0) ©«aa*ttic*^viT*&^i:»asian*jiE 

[0 0 4 7] 15. «^^^EU • -fe;KZ>-r— ^EttJf 

(5 0) (7)a{b^BW(CMLTW^^L^^[^^b 0 >± 
*$nfc«<biaiai€:Wi"^H5E«a^ ; E'J • -fcJKB^qi 
S (5 4) ^Mt§MXr7^tt^SM^^U 

[0 0 4 8] 16. ffiGSVl (5 4) (D«mxf-^ 

tt, WEWfc*S«tc»ofcx-^E*JB (5 0) fc*3 
ttSHMfci:, WEWb^Sttt^LTSiBtt^-^Ettt 

g (50) Kfctt* im^^b^©^i:bT^i;^>^ 

[Sj^W-r^mitBS*® (5 4) ««Xf7^t 
n±El SESfrDBSSL^U • -fe^jfcfrifc. 

[0 0 4 9] 17. fSIBS^g (5 4) (DMtfLTs'rv? 
te, H&E^-^EtKB (5 0) 0)JP<*{cSt^T:S[nj£ 
IRt^^f^^fniEl SfwEiEcoeft^^U 

[0 0 5 0] 18. itufBSWf (.5 4) (DmtfLTs'rv? 

»ET-^Eii (50) <©«Baa^ttJc*^i^T 

JlSl*lJ!T6XT'^**tS±El 5tCE*t<B«« 

[0 0 5 1 ] 19. fl}EX*PB (54) <DMf&7>?ry7 

S*P« (5 4) ^SS^aHLSUDA-S^T-y^i:. sufBS 
*PB (5 4) *Kffl*TiPjRi"r-6Xx!y^ r i:, 5S^«# 
icS6Snfc«ffiTSJE»*)B (5 4) SrifrWU HE 
S*Pif (5 4) coffiftElPl^H^i-SXT-y^iSrW-r 

[0 0 5 2] 2 0. SufBS?P@ (54) 0»«7fy^ 
tt, ««*©9fi^«»-C«9E*«PIB (5 4) ZMf&TZ 

x^yzft, mmmm (54) ce^^Mt, hu§b 
(54) <Dmimfa&m&ftisttfa\zm7£'rz> 

Xfy^fcStmEl 5l:Et0BS^^U • irJl/ 
[0 0 5 3] 
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[0 2] II^^U • -fe;UCOS2pB<D¥ffiElT$>'5. 

[0 3] a^^t'j • ±.)i<D2-D(DW5mv;mizm-?z>7 : 

[0 4] ^M^^r'J • ir>»KD2 0WifeS«SI(CPL-T^* 
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[0 5] ^-^BBtt.®c75m{t;§^ttlc*fL,TttSnLfc 
^ MUM2<£g2fa<2I^<75Iftl330T*;g>£„ 

[0 6] iiJlrawm^^^U • -tz;u<h*icaM^^U • ir 

[^cDSBBfl] 
20, 21, 30, 31 
40, 41, 42, 43 &m.*f)-±)l< 

5 0 ^tenji 

5 4 *?PJf 
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